The management of food cold chains is receiving more and more attention, both in practice 33 and in the scientific literature. In this paper, we review temperature abuse in food cold chains 34 that operate in different countries, as well as cold chain solutions focused on food quality and 35 safety. Our key findings are: 1) temperature management in chilled food products was the main 36 focus of research, the most investigated food categories were meat, dairy, fish, fruit, and 37 vegetable products; 2) most temperature abuse reported is in the cold chains of developed 38 countries, whereas much less is known about the situation in developing countries; 3) recent 39 technology applied in temperature monitoring provides a significant contribution to food cold 40 chain, but, further investigation of its application is necessary to generate appropriate data; 41 and 4) food waste may be reduced with a better temperature management in food cold chains.
ACCEPTED MANUSCRIPT 1 Introduction transport, and retail. Despite the small temperature fluctuations, the strawberries were found to have deteriorated in terms of moisture content while being transported to the retailer. In contrast, from -1.2 °C to 17.7 °C for berries and grapes, -0.7 °C to 19.2 °C for fresh-cut fruit and 174 vegetables, 1.1 °C to 19.2 °C for salad bags, and -0.8 °C to 14.1 °C for cucumbers and peppers. 175 Interestingly, Nunes et al. (2009) also revealed that some of the chill-sensitive fruits and 176 vegetables were transported too cold, whereas heat-sensitive produce was transported too warm. 177 As result, more than half of these products were wasted. Moreover, Zeng et al. (2014) reported 178 that temperature fluctuation for bagged salads between -0.3 °C and 7.7 °C and between -1.1 to 179 9.7 °C while in transport and at the retailer, whereas the temperature should be maintained 
185
In Canada, McKellar et al. (2012) found that temperature was well-controlled in the entire cold 186 chain for ready-to-eat baby leaf lettuce; however, Rediers et al. (2009) observed that 187 temperatures were allowed to increase up to 16 °C, with an average of 2 °C during 188 transportation to the processor's storage facility in the fresh-cut endive cold chain.
189
In Japan, the temperature of refrigerated iceberg lettuce was found to fluctuate in the range of 190 3 °C to 15 °C during transport (Koseki & Isobe, 2005) . Observation of frozen tilapia fish fillets 191 in China showed that the ambient temperature fluctuated between -18.6 °C and 16.8 °C after 6 192 hours of transport, but, the sample temperature only increased slightly to -17 °C (Tingman et 193 al., 2010) . On the other hand, these authors found that the shelf life of products stored with temperature fluctuation in range of 2.0 °C had two months' shorter shelf life than products with 195 a temperature fluctuation of less than 0.5 °C.
196
A broken cold chain in produce (fruits and vegetables) product was also reported in South 197 Africa. In two different studies, it was found that 81 and 41.5 % of the product temperature 198 rose above 2 °C for longer than 90 minutes within fruit reefer containers at the port terminal 199 (L.L. Goedhals-Gerber et al., 2017; Leila L. Goedhals-Gerber et al., 2015) .
200
The current review revealed that most temperature abuse has been reported is in the cold chains 201 of developed countries. Much less is known of the situation in developing countries as has 202 already been pointed out by Mercier et al. (2017) . This situation may be caused by low 203 awareness of the quality and safety risks associated with poor temperature control in food cold 204 chains in developing countries. 
Sensitive links in food cold chain 206
It has been demonstrated that temperature fluctuations can be easily encountered in the entire 207 cold chain. Temperature control problems during the storage of refrigerated food at the retailer 208 typically occur due to lack of compliance with the temperature specifications for refrigerated 209 food (Lundén, Vanhanen, Kotilainen, et al., 2014; Lundén, Vanhanen, Myllymäki, et al., 2014) , 
212
During transport, Moureh et al. (2002) found that temperature deviations were associated with 213 the positions of products and packages in the container. The top corner was the most sensitive 214 areas because they had larger surfaces for temperature exchanges with the surroundings. In 215 particular, the situation is worsened for refrigerated food when the cold chain is broken during 216 loading and unloading of the cargo or freight (Estrada-Flores & Eddy, 2006) .
Food waste and temperature control 218
Food waste typically results from damage to food products, food loss, and deterioration of 219 product quality or food safety features. The scale of the problem is overwhelming: 220 approximately one-third of perishable products finish as waste (Gustavsson et al., 2011) .
221
Among other reasons, mismanagement of temperature control or other settings (e.g., of 222 humidity or gasses) in any point in the cold chain contributes to food waste (Parfitt et al., 2010; 223 Vlajic, 2015; Vlajic et al., 2016) . The potential for food waste rises with an increase in the 224 length of the supply chain, e.g., with the internationalization of the food supply chain. An 225 important aspect of this is that temperature abuse in a certain time period or the violation of 226 any other important parameter at only in one place in the supply chain triggers deterioration, 227 which is sometimes discovered too late, at the retailer or at homes of the end customers.
228
Although mismanagement may happen at one point of the chain, food waste occurs at the end 229 of the chain, in retail stores or households. The situation is additionally complicated by the 230 different management practices and resources available to large and small retail companies 231 (Vlajic, 2015) .
232
In principle, food waste could be minimized by optimizing the temperature for low-temperature 233 food products. Brown et al. (2014) proved that lowering refrigerator temperatures from 7 °C to 234 4 °C can extend storage life and reduce food waste. They estimated that this approach could 235 save food amounting to GBP 283.8 million, with an energy impact reduced to GBP 80.9 million 236 in the United Kingdom alone. Time-temperature management can potentially be managed by 237 an effective logistic system integrated with the Internet of Things (IoT) technology to minimize 238 food waste. While an effective logistic system could make autonomous decisions regarding the 239 condition of its transported goods (Flämig, 2016; Jedermann et al., 2014; Lütjen et al., 2013) , 240 IoT technology could bridge the communication gap between the objects used in the logistic chain (Alaba et al., 2017; Atzori et al., 2010) . In short, temperature management control may 242 help to reduce the food waste in food supply chains. data at each point in the food cold chain. In their trial, the real-time temperature data was 301 monitored, measured, and collected by RFID tags, with improved potential for managing time-302 temperature, increasing annual sales, and reducing energy consumption.
303
A novel real-time temperature monitoring system based on a smart logistic unit (SLU) has also 304 been demonstrated in a food supply chain. Besides temperature, this system also considered 305 the other important factors affecting the quality of food, such as changing in total volatile 306 organic compounds (VOCs). This system was equipped with a GPS (Global Positioning and sustainability of the system, this tool was used to simultaneously evaluate the quality of 316 low-temperature food products, energy use, and the global warming impact of food cold chain.
317
This was also a web-based platform that enabled data collection from the whole supply chain 318 and more precise estimation of the remaining shelf life of a specific food product. It was also 319 equipped with a stand-alone software, Cold Chain Predictor (CCP), enabled the prediction of 320 the effective temperature and shelf life of a specific food product by using various scenarios in 321 Monte Carlo simulation (Gogou et al., 2015) . The simulations used a numerical approach to 322 generate a probability distribution based on hypothetical scenarios in terms of reported time-323 temperature values throughout the cold chain. An experimental test on cold chain for apples, 324 spinach, and ice cream showed that this tool can be used to assess the impact of temperature 325 fluctuations and logistics management options in a refrigerated system. In a real situation, this they also found that the consumer refrigerator is the weakest link. These authors were able to 332 estimate the effective temperature during the entire cold chain and thereby estimate the 333 remaining shelf life of ready-to-eat meat products. This technological advancement may 334 contribute to improving cold chain integrity; however, the value this technology's output is 335 determined by user participation and data transparency in the food cold chain. 
Legal requirements for food cold chain management 337
The food business owner (FBO) takes primary responsibility for ensuring that the food product 338 is fit for use. Specifically, FBOs in the cold chain have direct control over the correct storage 339 and handling of their product in the food cold chain. To govern time-temperature in this chain, a growing number of specific compliance requirements and industry best-practice guidances 341 for establishing an effective cold chain have been established. Recently, the Australian Food 342 and Grocery Council (AFGC) issued a cold chain guideline for the distribution of food product 343 from producer to consumer in Australia (AFGC, 2017) . In this guideline, the AFGC thoroughly 344 described the necessary safety and quality requirements to minimize food illness and reduce 345 food waste. Similarly, the US FDA also issued a rule governing the food cold chain in the 346 United States (US FDA, 2017) . This rule requires food businesses to comply with specific 347 requirements for vehicles, transportation equipment, and transportation operations in order to 348 preserve the safety and quality of food. In the United Kingdom, a guidance on time-temperature 349 control was issued by the Food Safety Authority in (FSA, 2007) . This guidance specifies the 350 permitted degree of flexibility within the temperature control requirements. In the European 351 countries, time-temperature management in the food chain is controlled by the Regulation No. (Wang et al., 2015; Xiao et al., 2016) Time-Temperature Integrator (Ellouze & Augustin, 2010; Giannakourou et al., 2005; Kim et al., 2012; Koutsoumanis & Gougouli, 2015; Giannakourou & Taoukis, 2003; Kim et al., 2016) User-friendly software for shelf-life modeling Cold Chain Predictor (Gogou et al., 2015) , Seafood Spoilage Predictor (Dalgaard et al., 2002), and ComBase (Gwanpua et al., 2014; Zubeldia et al., 2016) Time-temperature monitoring and measurement system FRISBEE 5 (Derens-Bertheau et al., 2015; Gogou et al., 2015; Gwanpua et al., 2014) and SLU 6 (Shih & Wang, 2016; Scalia et al., 2015; Sciortino et al., 2016) 3 Radio Frequency Identification 4 Wireless Sensor Networks 5 Food Refrigeration Innovations for Safety, consumers' Benefit, Environmental impact and Energy optimization along the cold chain in Europe 6 Smart Logistic Unit
